In order to determine the influence of climate and hydrology on water quality of the lower Mekong River, the long term monitoring data (from 1985 to 2004) of climatic, hydrological and water quality variables were analyzed. In general, water quality was 'good' or 'very good' for most of the investigated water quality parameters including DO, pH, conductivity, nitrate, phosphate and total phosphorus. All climatic and hydrological elements as well as most of the water quality parameters varied seasonally. Throughout the 18-year period, only evaporation, water level and TSS showed a significant pertinent trend. ARIMA models results reveal that among climatic and hydrological paremeters, water quality could be effectively predicted from the data of discharge flow and precipitation. The results showed good R 2 ($0.7) estimation between predicted and observed values for TSS, alkalinity and conductivity which are the chemically and biologically conservative parameters. For other water quality parameters such as Ca 2 + , Mg 2 + , Si, Cl 2 , NO 3 2 , and SO 4 22 , the predicting results by ARIMA model were reliable in shorter period than the above three mentioned variables.
INTRODUCTION
The Mekong River is the longest river in Southeast Asia, and the 10th largest river in the world by discharge (Dai & Trenberth 2002) . Over 55 million people live in the lower Mekong Basin (LMB), in which about 75% earn their livelihood from agriculture in combination with other activities such as fishery, livestock, and forestry. This explains why river water is the most important natural resource within the area. Established since 1950s, the Mekong River Committee (MRC) has first paid attention to water quantity by collecting hydro-climatic data since 1960s (Jacobs 1996) . Later in mid 1980s, water quality has also been monitored (monitoring of the Cambodian stretch of the Mekong only began in 1993) (MRC 2007) . Using the available data from MRC, this study assessed the seasonal variation of water quality in the mainstream of the lower Mekong River and the long-term trend of climate, hydrology and water quality parameters. To take further steps from preliminary research of the relationship between climatic, doi: 10.2166/wst.2010.449 hydrological elements and water quality in the lower Mekong River conducted by Lunchakorn et al. (2008) , this study focused on the prediction of water quality from the climatic and hydrological data by applying the Autoregressive Integrated Moving Average models (ARIMA).
METHODS Study area and data collection
The lower Mekong river of about 2,390 km length, runs through Thailand, Laos, Cambodia and Vietnam. The lower Mekong basin covers 76% (604,200 km 2 ) of the total Mekong river catchment area and contributes 80 to 85%
of the water to the Mekong river (MRC 2005) . The study area has tropical climate with two distinct seasons. The wet season (from mid-May to late-October) has higher average air temperature than that of a dry season (the rest of the year) and occupies 85% of annual precipitation ( Jacobs 1996; MRC 2005 
Statistical analysis
The surface water quality, climatic and hydrological data were analysed using descriptive statistics (range, mean, standard deviation). Surface water quality was then compared with the referenced standard levels (SEQ-Eau 1999) and the major elements concentrations in Asia and Global river water (Berner & Berner 1996; Schlesinger 1997) . At first, the normality distribution of data sets was checked by the Shapiro-Wilk test (P . 0.05) to determine the suitability of using these data for regression analyses (Interlandi & Crockett 2003) . The trends of climatic, hydrological and surface water quality parameters over the study period were then analyzed by the linear regression model in which time (year) is set as an independent variable and monitored parameters set as time dependent variables.
In this study, the prediction of water quality from the climatic and hydrological data series was conducted by applying the ARIMA model. ARIMA model developed by Box & Jenkins (1976) is one of the most popular models used for time series forecasting analysis (Ho et al. 2002) . The model is denoted as ARIMA ( p,d,q) £ (P,D,Q) S for both non-seasonal and seasonal components. The equation of the ARIMA model may be written as following:
In which, f p (B), F P (B S ), u q (B) and Q Q (B S ) are polynominals of order p,P,q and Q respectively, and have the form:
where: B is a backshift (or lag) operator, p is the order of non-seasonal autoregression, d specifies the number of regular differencing, q is the order of non-seasonal moving average, P is the order of seasonal autoregression, D is the number of seasonal differencing, Q is the order of seasonal moving average, z t is time series, a t is a random parameter, In addition, the necessity of minimum of 50 observations (Wei 1990 ) for building a reasonable ARIMA model was satisfied. All of these statistical tests are provided in SPSS 14.0 version for window.
RESULTS AND DISCUSSION
The overall patterns of water quality were similar to that of Asia but higher than the Global level; SiO 2 -Si value was similar to that of Asia but smaller than the Global level; Na þ value was smaller than the Asia level but higher than the Global level; finally total Fe level was much higher than the Asia level but similar to the Global level.
Seasonal variations of climate, hydrology and water quality
The seasonal differences (significant p , 0.05) were verified by nonparametric tests, the Mann Whitney U-test, since the normality assumption of the data set was violated (Ott 1988; Morgan et al. 2007) . The results clearly show that climate, hydrology and water quality were significantly seasonal dependent (Table 2) . Although evaporation depends on both air temperature and humidity, higher evaporation level was observed during the dry season than that in the wet season. ARIMA models fitted well to 9 water quality variables (Table 3 ). All the models had both nonseasonal and This explains why discharge and precipitation factors can be best used for prediction relatively biologically and/or chemically conservative water quality parameters such as TSS, alkalinity and conductivity.
This raises a major concern about the impact of climate change and hydropower (or multi-purposes) dams in China upstream of the Mekong River as well as throughout the lower Mekong basin on natural water resources in the lower Mekong River in both quality and quantity (White 2002) . There is no doubt of the power of numerical models on interpreting and predicting water quality. Statistical models are easier to apply and can also reduce the input data required for short term prediction. Discharge flow and precipitation were potentially useful as predictors of future water quality, especially for constituents, which are chemically and biologically conservative such as TSS, alkalinity and conductivity. For other water quality parameters in this study (Ca 2 þ , Mg 2 þ , Si, Cl 2 , NO 3 2 , and SO 4 22 ), the predicting results were reliable in a shorter period than the above mentioned three water quality variables.
